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© Control system for electric motor vehicle. 

® There is disclosed a control system for an elec- 
tric motor vehicle in which individual inverters (20A, 
20B, 20C, 20D) are provided in association with a 
plurality of ac motors (31 A, 31 B, 31 C, 31 D) for 
driving the vehicle, respectively. Respective inverters 



includes common control units (29) for effecting link- 
age control of respective inverters, thus to carry out 
an optimum adhesion control on the basis of a 
speed instruction for the vehicle and detected wheel 
diamters. 
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TECHNICAL FIELD OF THE INVENTION 

This invention relates to a control system for 
an electric motor vehicle including a plurality of 
alternating current (ac) motors adapted to be sup- 
plied with ac of Variable-Voltage and Variable-Fre- 
quency (VWF). 

BACKGROUND ART 

FIG. 1 is a circuit diagram showing the configu- 
ration of a conventional control system of this kind. 
In this figure, a current collected by a pantograph 1 
is delivered, through a main fuse 2, a main switch 

3, a filter reactor 4, and a line breaker 10, to a 
concentrated or centralized control inverter 20 of 
which negative side is grounded through a switch 
5. 

The line breaker 10 is composed of a current 
protection circuit 11 and a remote control switch 12 
provided at the preceding stage of the filter reactor 

4, and a rush current limiting circuit 13 provided at 
the succeeding stage of the filter reactor 4. 

Furthermore, the concentrated control inverter 
20 is composed of a filter capacitor 21 for smooth- 
ing a direct current (dc) voltage together with the 
filter reactor 4, a three-phase bridge connection 
circuit comprised of semiconductor switches 22 
each having a free-wheeling diode, a series con- 
nection circuit comprised of a resistor 23 and a 
voltage detection circuit 24 for inputting a dc volt- 
age through a current limiting resistor 6 to detect 
this voltage, and a series connection circuit com- 
prised of a resistor 25 and a thyristor 26 for allow- 
ing a current to flow when an overvoltage is de- 
tected. 

Here, the semiconductor switches 22 constitut- 
ing the concentrated controlled inverter 20 are sub- 
jected to ON/OFF control by an inverter control 
circuit of which indication is omitted to output an ac 
of VWF. 

To the concentrated control inverter 20, four 
induction motors 31 A to 31 D are connected 
through a dividing box 7 and a connection box 8. 

The line breaker 10, the concentrated control 
inverter 20 and an inverter control unit 20a de- 
scribed here are provided in parallel on the bottom 
surface of a vehicle body 30 as shown in FIG. 2. 

However, since the conventional control system 
for an electric motor vehicle controls four induction 
motors 31 A to 31 D by using the single concen- 
trated control inverter 20, switching elements of 
large capacity had to be used. Furthermore, re- 
spective motors could not be individually con- 
trolled, so it was difficult to increase the adhesion 
coefficient. 

SUMMARY OF THE INVENTION 



This invention has been made in order to solve 
the above-mentioned problems, and its object is to 
provide a control system for an electric motor 
vehicle which can perform expected control by 

5 using semiconductor switching elements of small 
capacity, and can easily increase the adhesion 
coefficient of the vehicle wheel. 

To achieve the above-mentioned object, in ac- 
cordance with this invention, there is provided a 

w control system for an electric motor vehicle includ- 
ing a plurality of ac motors for driving an electric 
motor vehicle, and a plurality of inverters individ- 
ually provided in association with the plurality of 
the induction motors, respectively, wherein each of 

15 the plurality of inverters comprises an inverter main 
circuit for delivering ac of VWF to a corresponding 
motor, and an inverter control unit for calculating a 
frequency instruction for the corresponding ac mo- 
tor on the basis of a speed instruction for the 

20 vehicle and a diameter of the vehicle wheel con- 
nected to the corresponding ac motor to control the 
inverter main circuit on the basis of the calculated 
frequency instruction. 

The plurality of inverters include common con- 

25 trol units at the preceding stages of the inverter 
control units, respectively. In addition, priority ranks 
are rendered in advance to the respective common 
control units. Thus, the common control unit of the 
highest priority rank can perform the linkage con- 

30 trol function in preference to other common control 
units. 

Furthermore, the control system according to 
this invention may comprise a plurality of ac mo- 
tors for driving an electric motor vehicle, a plurality 
35 of inverters individually provided in association with 
the plurality of ac motors, respectively, first speed 
sensors for sensing respective rotation speeds of 
drive wheels of the vehicle driven by the plurality * 
of motors, and a second sensor for sensing a 
40 rotation speed of any one of trailing wheels of the 
vehicle, wherein each of the plurality of inverters 
comprises slip frequency calculation means for cal- 
culating wheel diameters of respective drive wheels 
on the basis of detected outputs from the, first and 
45 second sensors to calculate ratios between the 
calculated wheel diameters and a reference diam- 
eter set in advance, and to correct a slip frequency 
determined, on the basis of a slip frequency pattern 
set in advance in accordance with the ratios deter- 
so mined by calculation, thus to output a corrected 
frequency, and means for controlling the inverter 
main circuit so that the slip frequency provided by 
the slip frequency calculation means is realized. 
The slip frequency calculating means may 
55 serve to correct a slip frequency in dependency 
upon a deviation between an instruction value of a 
current for an ac motor and an detected value 
thereof. 
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Furthermore, the slip frequency calculation 
means may serve to correct a slip frequency in 
dependency upon an axle weight or axial load 
detected value of the drive axle so that the drive 
wheels driven by the ac motors are allowed to have 
a desired adhesion coefficient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a circuit connection diagram of a 
conventional electric motor vehicle control sys- 
tem; 

FIG. 2 is a bottom view of a vehicle body 
showing the arrangement state of main elements 
of the control system of FIG. 1 ; 
FIG. 3 is a circuit connection diagram of an 
electric motor vehicle control system according 
to this invention; 

FIG. 4 is a conceptual view showing the entire 
configuration of the control system of FIG. 3; 
FIGS. 5(A), 5(B) and 5(C) are a front view, a side 
view, and a plan view showing the assembling 
state of the control system of FIG. 3, respec- 
tively; 

FIGS. 6(A) and 6(B) are a front view and a side 
view showing the assembling state of the control 
system of FIG. 3, respectively; 
FIGS. 7(A), (B) and (C) are bottom views of a 
vehicle body showing a different arrangement 
state of the control system of FIG. 3, respec- 
tively; 

FIG. 8 is a rblock diagram showing an embodi- 
ment in which the adhesion control by the com- 
mon control unit is carried out; 
FIG. 9 is a view showing an arrangement state 
of speed sensors used in the case where the 
adhesion control is carried out; 
FIG. 10 is a block diagram showing the detail of 
the inverter control unit in the case where the 
adhesion control is carried out every individual 
motors; 

FIG. 1 1 is a block diagram showing the detail of 
the slip frequency calculation means in FIG. 10; 
FIG. 12 is a view showing an example of the 
characteristic according to the embodiment of 
FIGS. i0 and 11; 

FIG. 13 is a block diagram showing the detail of 
the inverter control unit according to another 
embodiment in the case where the adhesion 
control is carried out; and 
FIG. 14 is a block diagram showing the detail of 
the inverter control unit according to a further 
embodiment in the case where the adhesion 
control is carried out. 

EMBODIMENTS 
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FIG. 3 is a circuit diagram showing the configu- 
ration of an embodiment according to this inven- 
tion. In this figure, portions to which the same 
reference numerals as those in FIG. 1 are attached 
5 represent the same elements, respectively. 

In this figure, at the succeeding stage of the 
main switch 3, a line breaker 10, a filter reactor 4 
comprised of filter reactors 4A to 4D integrally 
provided, and individual inverters 20A to 20D are 
io connected in order recited. To the output terminals 
of the individual inverters 20A to 20D, three-phase 
induction motors 31 A to 31 D are connected 
through connection boxes 8A to 8D, respectively. 
More particularly, the line breaker 10 com- 
75 prises a remote control switch 12 provided in the 
main circuit, contactors 14A to 14D provided in four 
branch circuits, a series circuit comprised of a 
resistor 15 and a voltage detector 16 for detecting 
a dc voltage, and an overvoltage protection circuit 
20 17 for detecting an overvoltage on the basis of an 
output from the voltage detector 16 to allow re- 
spective input terminals of the individual inverters 
20A to 20D to be grounded. 

Furthermore, each of the individual inverters 
25 20A to 20D comprises an inverter 27 including 
switching elements subjected to the three-phase 
bridge connection, and a protective circuit 28 com- 
prised of a thyristor for controlling an input current 
and a diode for preventing reverse-current. 
30 Here, respective inverter main circuits 27 are 

formed as a module every phases including free 
wheeling diodes, and the thyristors and the diodes 
constituting the respective protection circuits 28 are 
also formed as a module. 
35 FIG. 4 is a block diagram showing the entire 

configuration of the individual inverters 20A to 20D. 
Each inverter comprises an inverter main circuit 27, 
an inverter control unit 27a for controlling this cir- 
cuit, and a common control unit 29 having a func- 
40 tion too give a speed instruction to the inverter 
control unit 27a, or the like functions. For example, 
the common control unit 29 determines by calcula- 
tion a frequency instruction for the motor on the 
basis of a speed instruction for the vehicle and the 
45 diameter of the wheel directly connected to the 
motor to correct the frequency instruction thus de- 
termined so as to maintain the linkage with other 
motors to output a corrected frequency instruction. 
Four sets of common control units belonging to 
so four sets of individual inverters 20A, 20B, 20C and 
20D are linked with each other. In accordance with 
a priority rank determined in advance, e.g., a prior- 
ity rank determined in order of 20A, 20B, 20C and 
20D, any one of the common control units, e.g., the 
55 common control unit of the individual inverter 20A 
performs the linkage control function as a main 
controller, and that common control unit controls 
speed of the induction motor 31 A through the in- 
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verter control unit and the inverter main circuit in 
the system belonging to itself. In that case, three 
sets of common control units belonging to other 
individual inverters 20B, 20C and 20D serve as a 
sub-controller to control speed of the induction 
motors 31 B, 31 C and 31 D through the inverter 
control units and the inverter main circuits in the 
systems belonging to themselves, respectively. If 
the common control unit having the first priority 
rank as the main controller is out of order, then the 
common control unit having the second priority 
rank immediately backs up the function of the main 
controller. Similarly, in accordance with the priority 
rank each time, any one of the common control 
units functions as a main controller. 

The common control unit which has served as 
a main controller carries out transmission and re- 
ception of not only information of the system be- 
longing to itself necessary for control but also 
various information between the above-mentioned 
common control unit functioning as the main con- 
troller and other common control units functioning 
as a sub-controller. Respective common control 
units are assumed to be able to perform not only 
collection/transmission of the above-mentioned in- 
formation but also the following functions. 

(a) To monitor the state of the inverter of the 
system beionging to itself to output an instruc- 
tion to the peripheral equipments. 

(b) To determine required quantities of an air 
braking of respective axles on the basis of a 
total quantity of braking quantities for which re- 
spective axles of the vehicle require and quan- 
tities of regenerative braking that respective in- 
verters can output (braking control) 

(c) In the case where any one of a plurality of 
individual inverters under the control of the com- 
mon control units functioning as the main con- 
troller is out of order, an approach is employed 
to carry out regulation of the sharing load be- 
tween respective systems so as to compensate 
by other inverters the power that the inverter out 
of order should share. 

In the above-mentioned case, while there may 
be employed an arrangement such that the com- 
mon control units functioning as a sub-controller 
are operative to receive a speed instruction from 
the main controller to carry out calculation of 
torque thus to output a frequency instruction on the 
basis of the calculated result, there may be em- 
ployed an arrangement such that the common con- 
trol unit functioning as the main controller carries 
out calculations of torques of the motors of the 
respective systems, and the common control units 
functioning as the sub-controller are operative to 
receive calculated results as output instructions 
from the main controller to carry out the inverter 
output control by using those output instructions. 
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In FIG. 4, for the brevity of illustration, an 
indication of the filter reactor 4 and the protective 
circuit 28 shown in FIG. 3 is omitted. 

The operation of the control system shown in 
5 FIGS. 3 and 4 will now be described. 

When the remote control switch 12 and the 
contactors 14A to 14D of the line breaker 10 are 
closed, a dc taken in by the pantograph 1 is 
delivered to the individual inverters 20A to 20D 
w through four branch circuits of the filter reactors 4A 
to 4D. In the individual inverters 20A to 20D, the 
common control units 29 calculate frequency 
instructions of the three-phase induction motors 
31 A to 31 D on the basis of a speed instruction for 
15 the vehicle and the diameters of the vehicle wheels 
directly connected to the three-phase induction 
motors 31 A to 31 D, and correct the frequency 
instructions thus obtained so that linkage with other 
motors is kept. Then, the inverter control circuits 
20 27a carry out ON/OFF control of the switching 
elements constituting the inverter main circuits 27, 
respectively. As a result, alternating currents of 
voltages and frequencies corresponding to the fre- 
quency instructions outputted from the common 
25 control units 29 are delivered to the three-phase 
induction motors 31 A to 31 D. Thus, the electric 
motor vehicle is subjected to power running. At this 
time, a current during such a power running is 
limited by thyristors constituting the protection cir- 
30 cuit 28. 

On the other hand, at the time of the regenera- 
tive running of the electric motor vehicle, power is 
regenerated, so the dc voltage is elevated. At this 
time, the overvoltage protection circuit 17 detects 
35 an overvoltage on the basis of an output from the 
voltage detector 16 to allow the internal circuit 
(e.g., thyristor with series resistor) to conduct, 
thereby causing charges based on that overvoltage 
to be discharged through the diode constituting the 
40 protection circuit 28. 

In such a control, the concerned common con- 
trol unit 29 may carry out linkage control of the 
three-phase induction motors 31 A to 31 D in order 
to maintain the linkage with the common control 
45 units of other individual inverters. 

FIGS. 5(A) to 5(C) are views showing the as- 
sembling state of the individual inverters 20A to 
20D. Here, housing 50 attached on the bottom 
portion of the vehicle body is provided with a 
so closed portion 51 and an opened portion 52. Within 
the closed portion 51, the previously described 
inverter control unit 27a and the common control 
unit 29 are contained or accommodated. Further- 
more, within the opened portion 52, inverter mod- 
55 ules 27U, 27V and 27W every phases forming the 
inverter main circuit 27, and a breaker module 28M 
are contained. Thus, the inverter modules 27U, 27V 
and 27W and the breaker module 28M contained 

4 



7 



EP 0 486 996 A2 



8 



within the opened portion 52 can be subjected to 
cooling by wind produced in accordance with run- 
ning of the vehicle. 

FIGS. 6(A) and 6(B) are a front view and a side 
view showing how housings 50A to 50D provided in 
correspondence with the three-phase induction mo- 
tors 31 A to 31 D are attached onto the bottom 
portion of the vehicle body, respectively. In this 
case, the housings 50A to SOD are correctively 
fixed by means of the hanging frame 32, and the 
hanging frame 32 is attached to the bottom portion 
of the vehicle body. By employing a structure in 
which the housings are attached to the vehicle 
body through such a hanging frame 32, collective 
attachment can be carried out. 

It is to be noted that there may be employed 
any one of a method of attaching the housings 50A 
to 50D in a row onto one side portion of the vehicle 
body 30 as shown in FIG. 7(A), a method of attach- 
ing them as a pair on the respective both side 
portions of the vehicle 30 as shown in FIG. 7(B), 
and a method of attaching them in a manner not 
only separated on the both sides but also spaced 
in forward and backward directions as shown in 
FIG. 7(C). 

Meanwhile, this embodiment is directed to the 
case where four three-phase induction motors 31 A 
to 31 D are provided on a single vehicle. Since 
these motors have a capacity of 200 to 300 KW, 
switching elements used in the inverter main circuit 
corresponding to the above may be used. As a 
result, switching elements having a capacity of 
one-to-several, percentage or ratio of that of the 
conventional system can be used. 

Furthermore, since speeds of the vehicle 
wheels are individually controlled in this embodi- 
ment, an approach is employed to individually de- 
tect slipping of the driving wheels driven by the 
three-phase induction motors thus to carry out re- 
adhesion control. Thus, the adhesion coefficient 
can be substantially increased. 

Furthermore, since the dc (direct current) is 
converted to ac (alternating current) of VWF every 
motors by means of the individual inverters 20A to 
20D in this embodiment, the merits or advantages 
described at the following items (a) to (d) are 
provided in addition to the above. 

(a) Since heat generated is dispersed, cooling is 
easy. 

(b) Since heat generated is dispersed, there is 
no local heating and there is less influence on 
the vehicle body. 

(c) Degree of freedom of rigging or equipping is 
improved, so the space below the floor is effec- 
tively utilized and there results good weight bal- 
ance. 

(d) Wiring between motors and inverters at the 
portion below the floor of the vehicle body can 



be shortened. 

(e) Circuits parts through which a large current 
flows are not required, so measure is easily 
taken for noise. 
5 (f) Assembling and maintenance become sim- 

ple. 

It is to be noted that while the outside dimen- 
sions of the filter reactor 4, the line breaker 10 and 
the housings 50A to 50D are not referred to in the 
w above-described embodiment, if these outside di- 
mensions are caused to be equal to each other, the 
degree of freedom is further improved. 

In addition, while individual inverters are pro- 
vided on respective motors in the above-described 
75 embodiment, two inverters connected in parallel to 
each other may be provided on each motor. 

The case where the braking control is carried 
out by means of the common control units 29 will 
now be described. 
20 The braking system is of a structure as shown 

in the functional block diagram in FIG. 8 such that 
an electric brake by the inverter and an air brake 
are controlled by brake control unit (BCU) 40a. The 
BCU 40a has in advance, as a braking pattern, a 
25 ratio between an electric braking quantity by the 
inverter and an air braking quantity at respective 
speeds. This pattern is prepared so as to ordinarily 
effectively utilize the electric braking at the maxi- 
mum to regenerate the maximum power, and to 
30 additionally utilize the air braking. 

In the case where a braking instruction is input- 
ted from a master controller of the vehicle, the 
BCU 40a sends an electric braking pattern to each 
of inverter control units 41, 42, 43 and 44 for 
35 respective inverters. The inverter control units 41 to 
44 receives this electric braking pattern as an elec- 
tric braking pattern B FCR to control the motors 31 A 
to 31 D by using, as a motor current instruction 
value l MR , a current value calculated by the follow- 
40 ing equation on the basis of the electric braking 
instruction: 

l MR = Ki x Bpcr x (FA/) (1) 

45 where is a constant, F is a motor frequency, 
and V is a motor voltage. 

However, since there is a limit in the regenera- 
tive power which can be returned to a trolley wire, 
it cannot be said that the maximum electric braking 

so can be used at all times. In such a case, a mea- 
sure must be taken to calculate an electric braking 
quantity actually produced to compensate a short- 
age for the Instruction value. 

In view of this, the inverter control units 41 to 

55 44 of the respective inverters calculate electric 
braking quantities B FC actually produced on the 
basis of actual current values l M , and voltages V 
and frequencies F of motors of systems belonging 
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to themselves, in accordance with the following 
equation to send them to a representative value 
calculation unit 40b: 

Bfc = Kz x l M x (FA/) (2) 

where K2 is a constant. 

The representative value calculation unit 40b 
calculates a representative value, e.g., the maxi- 
mum value or the mean value of an electric braking 
quantity actually produced at the respective invert- 
ers to feed it back to the BCU 40a. The BCU 40a 
compares the value thus fed back with an electric 
braking instruction value to compensate the short- 
age by increasing an air braking quantity. 

The adhesion control carried out in relation to 
this invention will now be described. 

FIG. 9 is a block diagram showing an arrange- 
ment of speed sensors provided for the adhesion 
control. Speed sensors (PG) 40A, 40B, 40C and 
40D (first speed sensors) are attached on the re- 
spective drive wheels, and respective detected sig- 
nals therefrom are sent to inverters 20A. 20B, 20C 
and 20D. In the arrangement of this figure, a sec- 
ond speed sensor 402 is provided on any one of 
trailing wheels, and a detected signal therefrom is 
also sent to the respective inverters 20A to 20D. 

FIG. 10 is a block diagram showing the internal 
configuration of the inverter 20A of these inverters 
in FIG. 9. Since the configurations of other inverters 
20B to 20D are the same as that of the inverter 
20A, their illustration is omitted. As shown in FIG. 
10, the inverter 20A comprises, in addition to the 
inverter main circuit 27, an inverter control unit 
including a PWM control circuit 61, a modulation 
factor calculation circuit 62, a pulse mode deter- 
mination circuit 63, and a slip frequency calculation 
circuit 64. Furthermore, detected signals f r1 and f r2 
from the speed sensors 40A and 40Z are inputted 
to the slip frequency calculation circuit 64. In addi- 
tion, an input voltage V c of the inverter 20A is 
detected by a voltage detector 65, and a detected 
signal thereof is inputted to the modulation factor 
calculation circuit 62 and the pulse mode deter- 
mination circuit 63. Here, the modulation factor 
calculation circuit 62 is a circuit for sending a 
modulation factor corresponding to the value of a 
frequency signal f| NV i to the PWM control circuit 61 
while monitoring the input voltage V c . Furthermore, 
the pulse mode determination circuit 63 is a circuit 
in which the input voltage V c is used for adjustment 
of switching timing to determine the pulse mode in 
dependency upon the value of the Wi. In addition, 
the PWM control circuit 61 outputs a PWM control 
instruction signal to the inverter main circuit 27 on 
the basis of signals from the modulation factor 
calculation circuit 62 and the pulse mode deter- 
mination circuit 63, and the frequency signal f JNV i. 
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FIG. 11 is a block diagram showing the internal 
configuration of the slip frequency calculation cir- 
cuit 64 in FIG. 10. In this figure, detected signals 
from the speed sensors 40A and 40Z are respec- 
5 tively inputted to amplifiers 66 and 67, and a rota- 
tion speed a>i of the drive wheel of the first axle 
and a rotation speed <*> z of the trailing wheel are 
outputted from these amplifiers. A rotation speed 
ratio calculation circuit 68 calculates a rotation 

10 speed ratio Ki ( = <oy/<a z ) of these vehicle wheels to 
send the calculated result (K y ) to a wheel diameter 
calculation circuit 69. The wheel diameter calcula- 
tion circuit 69 calculates a wheel diameter WD1 of 
the drive wheel of the first axle from the rotation 

75 frequency ratio K1 and the wheel diameter WD of 
the trailing wheel. An axle torque pattern circuit 70 
outputs signals indicative of an axle torque T 0(r1) 
corresponding to the wheel diameter WD1 , and an 
axle torque T 0 ( r0 ) corresponding to a virtual refer- 

20 ence wheel diameter WDo. It is to be noted that the 
characteristic curve indicating the relationship be- 
tween such a wheel diameter and an axle torque 
corresponding thereto assumed to be known in 
advance by an experiment, etc. 

25 A correction coefficient calculation circuit 71 

calculates a correction coefficient Ko from the axle 
torques T om and T 0 < r i) and the wheel diameters 
WDo and WD1 by the following equation: 

30 Ko = (WD1/WD0) x (T 0(rl) /To (r0 )) 

On the other hand, a f s pattern circuit 72 inputs 
a notch instruction and a reference frequency in- 
struction to send a reference slip frequency fso for 

35 the reference wheel diameter WD 0 every notches 
to the pattern value correction circuit 73. The pat- 
tern value correction circuit 73 determines a slip 
frequency f s i for the drive wheel of the first axle by 
multiplying the reference frequency f^ by a correc- 

40 tion coefficient Ko to output the slip frequency f s i 
thus obtained. 

The PWM control circuit 61 in FIG. 10 carries 
out PWM control by using a frequency f, nv1 ob- 
tained by adding the slip frequency f sl thus cal- 

45 culated and a rotor frequency f r1 from the speed 
sensor 60A as an inverter output frequency instruc- 
tion for the drive wheel of the first axle. Thus, 
control can be carried out such that the tread 
torque T p1 of the drive wheel of the first axle takes 

50 a predetermined value. 

While the operation of the inverter 20A for 
controlling the drive wheel of the first axle has 
been described above, the inverters 20B to 20D for 
controlling the drive wheels of the second to fourth 

55 axles carry out operations similar to the above. 

As stated above, by individually driving the 
drive wheels of the first to fourth axles by means of 
motors 31 A to 31 D t and adjusting slip frequencies 

6 
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f s i to f s4 of the inverters 20A to 20D in dependency 
upon differences between wheel diameters of the 
respective drive wheels, it is possible to carry out a 
control such that tread torques T p1 to Tp4 on the 
respective axles take predetermined values (e.g. 
values equal to each other). Namely, in a train in 
which a plurality of vehicles are coupled, if there is 
caused to be produced no difference between 
tread torques, i.e., tractive forces of respective ve- 
hicles, there can result the state where no 
pushing/pulling force is produced in the coupler. 
Accordingly, it is possible to improve comfortability 
significant for a passenger train, etc. without control 
of the wheel diameter. 

Furthermore, by altering respective patterns of 
the axle torque pattern circuit 70 and f s the pattern 
circuit 72 of the frequency calculation circuit 64 in 
FIG. 11 to patterns in which an expected adhesion 
coefficient is taken into consideration, the above- 
mentioned problem of difference between tread 
torques can be eliminated. When viewed from a 
practical point of view, the mean adhesion coeffi- 
cient u A of the first to fourth axles in the case of 
driving four motors by a single inverter was about 
18%, whereas, in accordance with the system of 
this embodiment, the adhesion coefficients of the 
respective axles can be elevated to the levels of 
expected adhesion coefficients of the respective 
axles, so the value of mean adhesion coefficient u A 
can be improved to about 23%. 

FIG. 12 is a characteristic diagram obtained 
when power running is carried out with respect to 
an electric motor vehicle control system construct- 
ed as shown in FIGS. 9 to 11, wherein l M is a 
motor current, V M is a motor voltage, and v is a 
vehicle speed. As shown in this figure, the value of 
the tread torque T p is caused to be in a flat state, 
i.e., take a constant value during the mode 2. 
Furthermore, respective parameters are caused to 
take different values in dependency upon the mag- 
nitude of the wheel diameter. It is to be noted that 
since the tread torque T p is determined by the 
vehicle radius n and the axle torque T 0(r) 
expressed as a function of the radius r, i.e., is 
expressed by T p = K x T 0(r) /r (K is a constant), the 
magnitude relationship of the respective param- 
eters corresponding to the magnitude relationship 
of the wheel diameters is not necessarily as shown. 

FIG. 13 is a block diagram showing a portion of 
a further embodiment, which corresponds to the 
configuration in FIG. 10. Namely, inverter 20A in 
FIG. 13 has an arrangement such that a l M pattern 
circuit 74 is added to the inverter 20A in FIG. 10. In 
addition, a current detector 75 for detecting a mo- 
tor current l M is provided at the input terminal of 
the drive motor 31 A, and a deviation between a 
detected value of the motor current l M and an 
output from the l M pattern circuit 74 is inputted to 



the slip frequency calculation circuit 64. Thus, the 
slip frequency calculation circuit 64 further makes a 
correction of a slip frequency calculated by the slip 
frequency calculation circuit 64 shown in FIG. 11 
s on the basis of the above deviation. 

In accordance with the configuration of FIG. 13, 
the reliability with respect to the slip frequency f s1 
outputted from the slip frequency calculation circuit 
64 can be further improved. Namely, in accordance 
10 with the characteristic diagram of FIG. 12, a dif- 
ference between wheel diameters of respective 
drive axles appears as a difference of the level of 
the motor current \ M . Accordingly, since the wheel 
diameter can be conversely estimated from a de- 
75 tected value of the motor current l M ,a correction in 
which that detected value is taken into consider- 
ation is made, thereby making it possible to im- 
prove the reliability of the slip frequency f s1 . 

By employing the embodiments of FIGS 10 
20 and 13, it is possible to eliminate the problems of 
unbalance of the adhesion torque or the adhesion 
coefficient produced in the conventional system 
due to the difference between the wheel diameters 
of respective drive axles. 
25 Meanwhile, in the embodiments of FIGS. 10 

and 1 3. on the assumption that the axle weights of 
respective drive axles are equal to each other, any 
attention is not drawn to the magnitude of these 
axle weights or the difference of the distribution 
30 state, etc. However, there are instances where any 
great difference may be produced between axle 
weights of respective drive axles due to changes in 
the axle weight at the time of acceleration or decel- 
eration running and/or shift of the axle weight posi- 
35 tion at the time of running on the slope. In the case 
where there is produced any great difference be- 
tween the axle weights of the respective drive axles 
as stated above, it is impossible to obtain a desired 
adhesion coefficient by the correction of the slip 
40 frequency in which only the difference between 
respective wheel diameters is considered into ac- 
count. 

In view of this, in the embodiment shown in 
FIG. 14, calculation of the slip frequency in which 

45 not only the difference between wheel diameters of 
the drive axles but also the difference between the 
axle weights of respective axles are taken into 
consideration is carried out. The inverter 20A in 
FIG. 14 has a configuration such that a u pattern 

50 circuit 76 and a tread torque calculation circuit 77 
are added to the inverter in FIG. 13. Furthermore, 
an axle weight detector (W) 78 is attached onto the 
drive axle. The tread torque calculation circuit 77 
calculates the value T p1 of a corresponding tread 

55 torque from an axle weight detected value Wi from 
the weight detector 78 and an adhesion coefficient 
Ui (it is preferable to set this adhesion coefficient 
to a value close to the level of an expected adhe- 
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sion coefficient) from the u pattern circuit 76 to 
send it to the frequency calculation circuit 64. The 
slip frequency calculation circuit 64 calculates a 
slip frequency f sl0 corresponding to this tread 
torque T p1 , and further calculates an optimum slip 5 
frequency f s i corresponding to the wheel diameter 
of the first axle on the basis of the slip frequency 
fsio- 

In accordance with the embodiment of FIG. 14, 
even in the case where not only the wheel diam- w 
eter of respective drive axles are different, but also 
the axle weights thereof are different, it is possible 
to effect a control such that the adhesion coeffi- 
cient becomes equal to a desired value at all times. 

It is to be noted that the embodiment of FIG. 76 
14 contemplates eliminating the state where the 
levels of the adhesion coefficients with respect to 
all the drive axles are not necessarily sufficiently 
high, but has not direct relevancy to elimination of 
the problem that it is required to improve accuracy 20 
of the tread torque control in order to eliminate 
pushing and pulling action of the coupler between 
vehicles. 

In accordance with this invention, the following 
secondary merits or advantages are provided in 25 
addition to the above-mentioned merits. 

(1 ) In the conventional system in which a plural- 
ity of motors are driven by a single inverter, it 
was required to carefully carry out control of the 
wheel diameter in order to allow the difference 30 
between magnitudes of wheel diameters of re- 
spective drive axles to be held down to a pre- 
determined value. On the contrary, by using the 
system according to this invention, it becomes 
unnecessary to carry out such a control of the 35 
wheel diameter. 

(2) In the conventional system in which a plural- 
ity of motors are driven by a single inverter, in 
order to reduce a quantity of unbalance of the 

axle torque due to the difference between the 40 
magnitudes of vehicle wheel diameters of re- 
spective drive axles, it was required to allow the 
rated slip of the induction motor used for the 
drive motor to take a large value (about 3%). On 
the contrary, by employing the configuration that 45 
respective drive axles are individually controlled, 
the rated slip can be reduced to a small value of 
about 1.5%. Accordingly, efficient, small-sized 
and light-weight induction motor can be em- 
ployed, so 

(3) By employing the configuration that respec- 
tive drive axles are individually controlled, even 
in the event that a slipping takes place in any 
drive axle for any reason, control of the inverter 
frequency can be conducted with respect to that 55 
drive axle in correspondence with the degree of 

the slipping. As a result, the change in the 
tractive force of the entirety of the vehicle can 



be minimized. For this reason, speed can be 
prevented from suddenly changing. 

Claims 

1. A control system for an electric motor vehicle 
including: 

a plurality of alternating current (ac) mo- 
tors (31 A, 31 B t 31 C, 31 D) for driving an elec- 
tric motor vehicle; and 

a plurality of inverters (20A, 20B, 20C, 
20D) individually provided in association with 
said plurality of the induction motors, respec- 
tively; 

wherein each of said plurality of inverters 
comprises an inverter main circuit (27) for de- 
livering an ac of Variable-Voltage and Variable 
Frequency (VWF) to a corresponding motor, 
and an inverter control unit (27a) for calculating 
a frequency instruction for said corresponding 
ac motor on the basts of a speed instruction 
for said vehicle and a diameter of the vehicle 
wheel connected to said corresponding ac mo- 
tor to control said inverter main circuit on the 
basis of the calculated frequency instruction. 

2. A control system for an electric motor vehicle 
as set forth in claim 1 , wherein said plurality of 
inverters include common control units (29) at 
the preceding stages of said inverter control 
units, respectively, and wherein priority ranks 
are rendered in advance to said respective 
common control units, the common control unit 
of the highest priority rank being capable of 
performing the linkage control function in pref- 
erence to other common control units. 

3. A control system for an electric motor vehicle 
as set forth in claim 2, wherein each of said 
common control units comprises a memory 
unit in which a ratio between an electric brake 
and an air brake is stored in advance as a 
braking pattern in correspondence with a ve- 
hicle speed, whereby when said common con- 
trol unit of said highest priority rank receives a 
braking instruction, said common control unit 
instructs an electric braking quantity corre- 
sponding to a vehicle speed at the time of 
reception with respect to said respective plu- 
rality of inverters in accordance with the mem- 
ory content of said memory unit, and produces 
an air braking instruction for supplementing a 
shortage of said electric braking quantity while 
keeping the linkage of the entirety of the ve- 
hicle. 

4. A control system for an electric motor vehicle 
as set forth in claim 1 , which further comprises 
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means (40A, 40B, 40C, 40D, 40Z) for detecting 
slipping states of respective drive wheels 
driven by said plurality of ac motors, whereby 
said common control units (29) carry out adhe- 
sion control on the basis of the slipping states 5 
of said respective drive wheels detected by 
said means for detecting slipping state. 

5. A control system for an electric motor vehicle 
including: w 

a plurality of alternating current (ac) mo- 
tors (31 A, 31 B, 31 C, 31 D) for driving an elec- 
tric motor vehicle; 

a plurality of inverters (20A, 20B, 20C, 
20D) individually provided in association with 15 
said plurality of ac motors, respectively; 

first speed sensors (40A, 40B, 40C, 40D) 
for detecting rotation speeds of respective 
drive wheels of said vehicle driven by said 
plurality of ac motors; and 20 

a second sensor (40z) for detecting a rota- 
tion speed of any trailing wheel of said vehicle; 

said control system comprising: 

slip frequency calculation means (64) for 
calculating wheel diameters of respective drive 25 
wheels on the basis of detected outputs from 
said first and second sensors to calculate ra- 
tios between the calculated wheel diameters 
and a reference diameter set in advance, and 
to correct a slip frequency determined on the 30 
basis of a slip frequency pattern set in ad- 
vance in accordance with the ratios determined 
by calculation, thus to output a corrected fre- 
quency, and 

means (61, 62, 63) for controlling said in- 35 
verter main circuit (27) so that the slip fre- 
quency provided by said slip frequency cal- 
culation means (64) is realized. 

6. A control system for an electric motor vehicle 40 
as set forth in claim 5, wherein said slip fre- 
quency calculating means (64) corrects said 

slip frequency in dependency upon a deviation 
between an instruction value of a current for 
the ac motor and a detected value thereof. 45 

7. A control system for an electric motor vehicle 
as set forth in claim 5 or 6, wherein said slip 
frequency calculation means (64) corrects said 

slip frequency in dependency upon an axle 50 
weight or axial load detected value of the drive 
axle so that the drive wheels driven by said ac 
motors are allowed to have a desired adhesion 
coefficient. 
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